Studies of myocardial protection in the immature heart. IV. Improved tolerance of immature myocardium to hypoxia and ischemia by intravenous metabolic support.
Thirteen immature puppies (2 to 4 kg) underwent 1 hour of acute hypoxia (oxygen tension 25 to 30 mm Hg), followed by 45 minutes of normothermic global ischemia on total vented bypass with normal blood reperfusion. Ventricular function was assessed by inscribing Starling function curves and measuring stroke work indices before hypoxia and after reperfusion. Seven puppies (control) received normal saline infusion at 4 ml/kg/hr. Six other puppies received a 4 ml/kg/hr intravenous infusion of glutamate/aspartate, glucose-insulin-potassium, mercaptopropionyl glycine, carnitine, and catalase during hypoxia and reperfusion. In control hearts, acute hypoxia depleted myocardial glutamate and aspartate by 52% (p less than 0.05 versus prehypoxia) and 48% (p less than 0.05 versus prehypoxia) and caused severe hemodynamic deterioration (55% decrease of stroke work index) (p less than 0.05 versus prehypoxia); three of seven (43%) required premature institution of bypass. Postischemic left ventricular function recovered to only 40% of control levels (p less than 0.05 versus prehypoxia). In contrast, intravenous metabolic infusions maintained tissue glutamate (p less than 0.05 versus control group) and aspartate (p less than 0.05 versus control group) in treated hearts during hypoxia and allowed cardiac index to rise 20% (p less than 0.05 versus prehypoxia); all treated hearts tolerated 1 hour of hypoxia, and stroke work recovered 70% (p less than 0.05 versus control group) of stroke work index after subsequent ischemia. Impaired tolerance of immature hearts to acute hypoxia and subsequent ischemia is due to substrate depletion. This impairment can be reduced by intravenous metabolic support during hypoxia and reperfusion and leads to improved recovery of postischemic function.